Background: Pancreatic cancer is a highly malignant tumor with a poor prognosis. Chemotherapy such as gemcitabine is still an important treatment. Gemcitabine (Gem) may prolong survival time and delay the development of recurrent disease after complete resection of pancreatic cancer. Currently, some control studies have been performed between certain drugs and gemcitabine monotherapy after pancreatic cancer surgery, but the outcomes were uncertain. Here, we implemented meta-analysis to compare the efficacy between adjuvant treatments and gemcitabine monotherapy in patients with resected pancreatic cancer. Methods: PubMed, Embase and the Central Registry of Controlled Trials of the Cochrane Library searches were undertaken to identify randomized controlled trials (RCTs). Date of search ranged from January 1997 to December 2017. The meta-analysis included six RCTs. The major endpoints involved overall survival (OS), disease-free survival/ progress free survival/relapse-free survival (DFS/PFS/RFS) and grade 3-4 toxicity.
Background
In contrast to the steady increase in survival observed for most cancer types, advances have been slow for pancreatic cancers. More than one-half of cases are diagnosed at a distant stage, for which the 5-year survival rates is 3% [1] . Only a small percentage of patients, approximately 10-15%, have a chance of surgical resection [2] [3] [4] . However, the postoperative recurrence rate is high, with approximately 75-92% of patients relapsed [5, 6] . Masato et al. [7] reported that 80% local retroperitoneal recurrence, 66% hepatic metastasis, 53% peritoneal dissemination, 47% lymph node recurrence was discovered in postmortem examinations and 87% recurrence, 53% hepatic metastases in antemortem studies. The median survival after resection of pancreatic cancer remains in the range of 11-20 months and is associated with a 5-year survival rate of 7-25% [8, 9] . More radical resection procedures or extensive lymphadenectomy have not improved the course of disease [8] . Accordingly, adjuvant therapy appears to be very important in order to reduce recurrence and prolong survival after surgery.
The main adjuvant therapy after resection of pancreatic adenocarcinoma included chemotherapy and chemoradiation. Chemoradiation (moderate dose radiation with fluorouracil) has been the standard practice in the U.S. since the study (GITSG 9173) was conducted by the Gastrointestinal Tumor Study Group [10] . The results of some studies also support the survival benefit of chemoradiotherapy for patients with resected pancreatic cancer [11, 12] . But other researches have reached the opposite conclusion [13, 14] . The European Study Group for Pancreatic Cancer (ESPAC-1) took on a head-to-head comparison trial and found a lower median survival for chemoradiation,(15.9 months versus 17.9 months for patients who did not receive chemoradiation) and the median time to recurrence was 10.7 months among patients who received chemoradiotherapy and 15.2 months among those who did not receive chemoradiotherapy [15] . This resulted in far less use of adjuvant chemoradiation in Europe [16] . Chemotherapy mainly includes gemcitabine, fluorouracil, FOLFIRINOX (oxaliplatin, irinotecan, fluorouracil, and leucovorin), and gemcitabine in combination with other drugs. At present, most pancreatologists believe that FOL-FIRINOX is superior to gemcitabine. But gemcitabine is still an important chemotherapy drug. Previous clinical trials have demonstrated that postoperative chemotherapy with gemcitabine may prolong survival time and significantly delay the development of recurrent disease after complete resection of pancreatic cancer [5, 17] . Furthermore, some control studies have also been performed between certain drugs and gemcitabine monotherapy after pancreatic cancer surgery, but the outcomes were uncertain. Here, we performed a systematic review and quantitative meta-analysis to assess the role of adjuvant treatments compared with gemcitabine alone after macroscopically complete resection of pancreatic cancer.
Methods

Literature search
We retrieved literature with PubMed, Embase and the Central Registry of Controlled Trials of the Cochrane Library and selected studies presented between January 1997, at the time of gemcitabine treatment introduction, and December 2017. The search was performed using the following terms: "pancreatic cancer", "gemcitabine", "chemotherapy" and "randomized controlled trial".
Inclusion and exclusion criteria
Trials were included in this meta-analysis if they met the following criteria: (1) Patients were required to have histologically proved pancreatic exocrine cancer. In each trial, patients underwent surgery with curative intent (R0 or R1 resection, negative or positive nodal status.R0 resection was defined as no tumor within 1 mm of margin); (2) The treatment group received adjuvant treatments with or without Gem, and the control group received Gem alone; (3) Data contained overall survival (OS) and hazard ratio(HR), disease-free survival / progress free survival / relapse-free survival (DFS/PFS/RFS) and hazard ratio(HR), grade 3-4 toxicity, or OS and DFS curves; (4) This analysis only included RCTs which should be prospective, properly randomized.
Trials were excluded if they met any of the following criteria: (1) Patients received chemotherapy, radiotherapy and other antitumor therapy prior to the study entry. (2) Not RCTs such as case reports, reviews and conference reports; (3) duplicate publications.
Data collection and analysis
Two investigators (Min Zhou, Chunle Zhao) independently evaluated the abstracts identified from the database. If one of the investigators concluded an abstract was eligible, the full manuscript was retrieved and reviewed in detail by both investigators. If full text of a study could not be obtained, it would be abandoned because of no detailed data to conduct statistical analysis. If the same study appeared on different publications, the one with the latest data was chosen. Methodologic quality of the trials was assessed using Jadad scale [18] . The following information was extracted from each trial: the author, year of publication, number of patients, chemotherapy regimen, OS, DFS/PFS/RFS, grade 3-4 haematological, non-haematological, performance status, etc. Toxicity profiles were reported according to the WHO's criteria or National Cancer Institute Common Terminology Criteria for Adverse Events (version 3.0).
Statistical analysis
The primary endpoint was OS after randomization. The other end points were DFS/PFS/RFS and adverse effects. All variables were defined as dichotomous data. We standardized the therapeutic results by obtaining the HR between the adjuvant treatments group and the Gem group. When HR was not reported we estimated it from summary statistics with the method described by Tierney and colleagues [19] . Adverse effects were assessed by RR. Publication bias was investigated by visual inspection of funnel plots. Cochrane's Q-test and I 2 statistics were used to assess heterogeneity. For the survival outcome sensitivity analysis was performed to assess the impact of studies with higher risk for bias. A two-tailed p value of less than 0.05 was considered statistically significant. All analyses were performed strictly with RevMan software (version 5.3, Cochrane).
Results
Trial flow of trials selection
The flow chart of this study is shown in Fig. 1 . Of the nine trials, three trials are excluded because one reported by Tempero et al. [20] is ongoing trial, the other two by Sinn et al. [21] and Yoshitomi et al. [22] can not obtained detailed data. Both investigators finally agreed to include 6 RCTs in the meta-analysis.
Characteristics of included trials
These randomized controlled studies are summarized in Additional files 1, 2 and 3. All trials qualities were considered high, with a score of 3 in Jadad scale. Of the six trials, two were randomized phase II trials [23, 24] and the others were randomized phase III trials [25] [26] [27] [28] . This meta-analysis evaluated 2787 patients in six randomized trials, of whom 1387 patients were included into the Gem alone arm and 1400 patients into other adjuvant treatments arm. In all six trials, gemcitabine was given 1000 mg/m 2 once a week for 3 of every 4 weeks. OS and HR with 95% CI, DFS/ PFS/RFS and HR with 95% CI were recorded in most of the trials. Grade 3-4 toxicity was recorded in all trials.
Baseline characteristics of the individual trials including gender, performance status (ECOG performance status 0 or Karnofsky performance status (KPS) 60-100%), stage IV of Tumor, pathological resection margin and lymph nodes are indicated in Additional file 1. The distribution of baseline patient characteristics within the respective six trials was found to be homogeneous. However, patients recruited into the study in CONKO-005 were provided with R0 resection.
Overall survival and sensitivity analysis
The overall survival of six trials are summarized in Additional file 2. The result of the test for heterogeneity of the therapeutic effect was significant (P = 0.0006; I 2 = 77%). Therefore, we selected random effect model. There was not significant in HRs of OS for the adjuvant treatments arm compared with Gem alone arm (HR, 0.87; 95% CI, 0.70-1.07; P = 0.19). A sensitivity analysis was performed by excluding JAS-PAC 01 as it show a best survival benefit (p < 0.0001) in the adjuvant treatments group and was therefore considered as an outlier. The meta-analysis of the five remaining studies confirmed no difference in OS between the two arms (HR, 0.96; 95% CI, 0.88-1.06; P = 0.44).
Disease-free survival and sensitivity analysis
The disease-free survival of six trials are summarized in Additional file 2. The result of the test for heterogeneity of the therapeutic effect was significant (P = 0.0007; I 2 = 77%). The outcome of random effect model was not significant in HR of DFS for the adjuvant treatments compared with Gem alone (HR, 0.85; 95% CI, 0.71-1.02; P = 0.08). The meta-analysis of the five remaining studies (excluding JAS-PAC 01) also confirmed no difference in DFS between the two arms (HR, 0.92; 95% CI, 0.80-1.06; P = 0.25).
Subgroup analysis
According to the adjuvant treatments protocol, we divided the trial into three groups such as group1: Fluorouracil +folinic acid (FU + FA) treatment, group 2: S-1 (an oral fluoropyrimidine) treatments and group 3: Gem combined treatments. Figure 2 shows the subgroup analyses of HR of OS. The heterogeneity of subgroup was not significant, which was showed in group 2 (P = 0.58; I 2 = 0%) and group3 (P = 0.19; I 2 = 39%). So we used fixed effect mode. There was not significant in HR of OS for Gem combined treatments group (HR, 0.89; 95% CI, 0.78-1.02; P = 0.09) and FU + FA group (HR, 1.06; 95% CI, 0.93-1.22; P = 0.39). But for the S-1 group, it was significant (HR, 0.59; 95% CI, 0.46-0.74; P < 0.0001). Figure 3 shows the subgroup analyses of HR of DFS. The heterogeneity of subgroup was not significant, which was showed group 2 (P = 0.57; I 2 = 0%) and group 3 (P = 0.41; I 2 = 0%). There was not significant in HR of DFS for Gem combined treatments group compared with Gem alone (HR, 0.92; 95% CI, 0.82-1.05; P = 0.21) and for FU + FA group (HR, 1.04; 95% CI, 0.91-1.19; P = 0.57). But for S-1 group, it was significant (HR, 0.63; 95% CI, 0.52-0.75; P < 0.00001).
Toxic effects of chemotherapy
Six trials reported the incidence of grade 3/4 leucopenia and thrombocytopenia [23] [24] [25] [26] [27] [28] , five trials reported the incidence of grade 3/4 neutropenia [23, [25] [26] [27] [28] and four trials reported the incidence of grade 3/4 anaemia [23, 24, 26, 27] . Five trials reported the incidence of grade 3/ 4 diarrhea [23, [25] [26] [27] [28] and four trials reported the incidence of grade 3/4 fatigue and nausea [25] [26] [27] [28] .
Grade 3-4 toxicity of subgroup was calculated using method for dichotomous data (RR, 95% CI), 
Assessment for publication bias
Additional files 4 and 5 represent funnel plots that test for publication bias. Funnel plots for OS (Additional file 4) and DFS (Additional file 5) supported the lack of evidence for publication bias.
Discussion
For pancreatic cancer treatment, surgery is preferred for best survival [4, 29] . However, the prognosis of the patient remains poor even after curative surgery owing to the high recurrence rate. Since 1996, gemcitabine has become the cornerstone for the treatment of pancreatic cancer. Burris et al. [30] further demonstrated that gemcitabine had a modest survival advantage over treatment with 5-FU in patients with advanced pancreatic cancer. The median survival duration of patients treated with gemcitabine was 5.65 months, compared with 4.41 months for patients treated with 5-FU. The CONKO-001 trial [31] also showed that the median DFS was 13.4 months in the gemcitabine-treated group and 6.7 months in the observation group after radical pancreatic cancer resection (HR, 0.55; 95%CI, 0.44-0.69; P < 0.001). Patients randomized to adjuvant gemcitabine therapy had longer OS than those randomized to observation alone (HR, 0.76; 95%CI, 0.61-0.95; P = 0.01), with 5-year OS of 20.7% vs 10.4%, respectively, and 10-year OS of 12.2% vs 7.7%. Furthermore, some clinical trials have aimed at assessing the potential superiority of adjuvant chemotherapy over single-agent gemcitabine in resected pancreatic cancer, but the results were not determinate. In this study, we evaluated six randomized controlled trials comparing adjuvant treatments with gemcitabine monotherapy in first-line treatment of patients undergoing pancreatectomy. Our pooled analysis revealed the overall clinical efficacy of adjuvant chemotherapy was not superior to that of gemcitabine monotherapy in OS (HR, 0.87; 95% CI, 0.70-1.07; P = 0.19) and DFS (HR, 0.85; 95% CI, 0.71-1.02; P = 0.08). The incidence of adverse events in adjuvant treatments group were increased in grade 3/4 diarrhea and decreased in grade 3/4 leucopenia, thrombocytopenia compared with gemcitabine alone. Although our analysis did not show that adjuvant therapy was superior to gemcitabine monotherapy for resected pancreatic cancer, further stratification analysis was needed given the large heterogeneity of the pooled results.
We next analyzed the clinical efficacy of FU + FA regimen, S-1 regimen and Gem combined regimen respectively, and found that only patients receiving S-1 treatment had a benefit compared with patients receiving gemcitabine alone.
Toxicity of subgroup in S-1 regimen showed the lower incidence of leucopenia, thrombocytopenia, neutropenia and higher diarrhea. Pooled analysis of subgroup analysis showed that S-1 chemotherapy had a significant OS Fig. 3 Subgroup analyses of HR of DFS for adjuvant treatments vs Gem alone benefit (HR, 0.59; 95% CI, 0.46-0.74; P < 0.0001) and DFS benefit (HR, 0.63; 95% CI, 0.52-0.75; P < 0.00001). But it should be pointed out that this was only included the results of two trials (n = 434). Most patients in the JASPAC 01 [27] study had stage II disease, whereas the majority in another study had stages III and IV [23] . The JASPAC 01 study was only enrolled with patients of Asians. At the same dose, Asians had lower toxic reaction to S-1 than Europeans due to different metabolism. Furthermore, the CAP-002 study [22] also reported that S-1and Gem+S-1(GS) provided similar efficacy to Gem as the adjuvant chemotherapy for resected pancreatic cancer. Two year DFS rate was 24.2%, 28.1% and 34.4% in Gem, S-1 and GS, respectively and the median OS was 21 m in Gem, 26 m in S-1 and 27.9 m in GS.
The ESPAC-1 trial reported that fluorouracil plus folinic acid regimen could improve OS after pancreatic cancer resection, increasing the estimated 2 year and 5 year survival to 40% and 21% compared with 30% and 8.0% for surgery alone [15] . However, the ESPAC-3 [28] trial showed no difference in OS and PFS between the study groups (median OS and 2-year survival rate, 23.0 months and 48.1% in the FU + FA group vs 23.6 months and 49.1% in the Gem group, respectively; P = 0.39. median PFS and 2-year survival rate, 14.1 months and 30.7% in the FU + FA group vs 14.3 months and 29.6% in the Gem group, respectively; P = 0.53). The outcome of univariate analysis of the ESPAC-3 trial revealed that tumor grade, tumor size, nodal status, resection margin, postoperative CA19-9 levels, performance status, and smoking were independent prognostic factors of OS. But resection margin status was not significant on multivariate analysis, confirming the results of the ESPAC-1 trial that increasingly differentiated tumors, tumor size, and lymph-node status were associated with prognosis. Toxicity analysis of the ESPAC-3 trial showed the lower incidence of leucopenia, thrombocytopenia and higher diarrhea in FU + FA group.
Our subgroup analysis showed that Gem combined therapy did not had a significant OS benefit (HR, 0.89; 95% CI, 0.78-1.02; P = 0.09) and DFS benefit (HR, 0.92; 95% CI, 0.82-1.05; P = 0.21). It had higher incidence of diarrhea in gemcitabine-based combination therapy group, but leucopenia, thrombocytopenia and neutropenia were no difference between the three groups. In the ESPAC-3 trial [28] , the outcome demonstrated that gemcitabine was not superior to fluorouracil plus folinic acid in overall survival for patients with completely resected pancreatic cancer and suggested further comparison of the effects between gemcitabine combined with fluorouracil and folinic acid and gemcitabine monotherapy. Afterward, gemcitabine plus capecitabine (ESPAC-4) [26] trial showed a increase in overall survival, with an estimated 5 year OS of 28.8% (22.9-35.2) compared with 16.3% (10.2-23.7) with Gem and found that prognosis was relationship with postoperative CA19-9 concentrations and pathological margin. However, gemcitabine plus uracil/tegafur had no benefit compared with GEM alone for patients with resected pancreatic cancer. 1-year DFS rate was 50.0% in GU group and 49.0% in the Gem group. Median survival time was 21.2 months and 29.8 months, respectively [24] . Moreover, there were no significant differences in DFS and OS rates between N1, N2 and R0, R1 patients. Although gemcitabine plus erlotinib (GemErlo) had demonstrated a mild survival advantage for advanced pancreatic cancer [32, 33] , it did not improve median DFS (GemErlo 11.4 months; Gem 11.4 months) or median overall survival (GemErlo 24.5 months; Gem 26.5 months) in patients with R0 resections in CONKO-005 trial [25] . Similarly, the combination therapy of Gem with sorafenib for 12 months can not improve DFS or OS for R1 resected pancreatic cancer patients in the CONKO-006 trial [21] .
At present, some trials demonstrated that the oxaliplatin, irinotecan, fluorouracil, and leucovorin (FOLFIRI-NOX) and the combination chemotherapy of gemcitabine and nab-paclitaxel regimens had effect on metastatic pancreatic ductal adenocarcinoma (PDAC) [34] [35] [36] . Compared with gemcitabine, FOLFIRINOX and nab-paclitaxel plus gemcitabine showed survival advantage [34, 36] . Now, gemcitabine and nab-paclitaxel regimen is being investigated in ongoing phaseIII trial for its efficacy in the adjuvant setting (APACT [NCT01964430: Nab-Paclitaxel and Gemcitabine vs Gemcitabine Alone as Adjuvant Therapy for Patients With Resected Pancreatic Cancer]) [20] .
The limitations of this study was the fact that the medicines tested in the trials were different, including chemotherapy drug and molecular targeted drug, which was used alone or in combination. Another limitation was the small number of trials that be included in the study because there were not many of these researches. The third limitation was relatively small number patients of some trials, although the total number of patients included in the meta-analysis was conspicuous.
Conclusion
In our meta-analysis, a significant survival benefit is only observed in the S-1 regimen, but the results are yet to be determined. Optimal cytotoxicity or targeted drug regimens need further validation in clinical trials in the future. Here, we think that a controlled trial of gemcitabine in combined with S-1 versus FOLFIRINOX or some of the other gents may be a viable option.
Additional files
Additional file 1: 
